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DEVICES AND METHODS FOR VAGUS NERVE STIMULATION 

Tt£hnk " Fk 'L — M .o .pp— - «** * 

declrieally-indoced and pharmaceutic.^ prolonged cardiac asys.ole. The 
pITn cmion is usefc. for conning heart bears and escape from asysu,. 
Tg cardiac s«r 8 ery. The present i— is P— y use* du 
coronary by-pass surgery when aoastomatic formation .s readdy dusrapted by 
beating heart. 



, 5 Background of.be Invention „ , cpB) ^ che mical arrest us.ng 

Cardiopulmonary bypass (CPB) ana enen 
cdioplegic so.utions have traditionally provded surgeons ^ 

p^lresTcABG) u»a,dcd hy camiopulmona* bypass or 
„ Coronary artety bypass graft failure ra«e reported -h M ^ 
, ,„ m il m while traditional CABG on CPB has a reponeo 

grafnng range from 3.8 8.9%. wb , difference j(> 

anasromofc faiiurc rate of less man 1%. Th,s n» y 
anastomotic precision between off-pump CABG and CPB 
though the benefits of avoiding ea.ra-corporea. crcular.on and g.oW 
M cloplg-a in heating Heart procedures are .mportan, .hey do no. outwegh the 
performance of optimal coronary anastomoses. 

The key difference in the anastomottc results between 

convent.ona, CABG and off-pum P CABG (OPCAB, is 
Cect.ve asystole during construction of the distal —on. oses ^ 
3S can be minim.zed during OPCAB procedures b„ .nducmg Pj"""*** 
bradycardia by administenng beta adrenerg.c receptor biocKcrs and mochanrca. 
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operative condition* they only approx.matc the advan g 
that can be achieved with CPB and cardiopleg*. 

A sute of Controlled Intermittent Asystole (CIA) wo h 
A sute oi v. pijcemerrt of coronary 

—.is of card.ac ou.escence to fac «a P bypass 
a „as.oma,.c structure, vrh.le avotdmg the necessny o ^ 
and cardioplegia. CIA vrou.d thus prov.de the surgeon 
advantage otherwise gained only by Ml otherwise 
technic improves the precision ^ronary - 
be performed on a beating bean and may «doc« 
easTof operation, as described in appl.eat.on WO9909973. rpor 

can be aclueved us.ng un.latcra! (or bdatcal) 

vagus nerve IE- co^d ^^^^LX 
impuls « and phamtaco.og.ca. suppress*,, ' hcrein by 

lt has previously been = , -^^JE* is possib.c 
reference in ..s enurety. that elect.ve COntro cho)h , es , er:lse inhibitor. 

* Wl idrene ^rX is however, is » integral system and 
I combinations thereof. What is requ 

^paratus that will provide optimal e.ec,oc*. pu.*s to 

card,3C anest. The intermittent caro.ac ^ are no , 
option to allow prcc.se performance of ^ ^ 

adversely interrupted by escape beau breaktng thmogh ^ the 
;5 ^ are elcctros.imu.at.on devices *« '^^ ^ vagus nerve 

to induce asystole. What is further ixq iiwfifBCl|v and to administer a 

fc electric pulse to the nerve, either d.recUy « - on 
pharmaceutical composition to poten,.a« th m-« 6 ^ 
30 the heart rate, and pro.ong the penod of asys.0* .1 

hhehhood that the surgica, procedure vri» proc^ — ^ md mc(hods 

The present invention mtroduccs apparatus, ocvi 
Ura, will a.,ow me C.A technic to be performed with ease and prec.s.on. 
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Any discussion of documents, acts, materials, devices, articles or the like 
which has been included in the present specification is solely for the purpose of 
providing a context for the present invention. It is not to be taken as an adm:ss,on that 
any or all of these matters form part of the prior art base or were common general 
knowledge in the field relevant to the present invention as it existed before the pnonty 
date of each claim of this application. 
Summary of the Invention 

In a first aspect, the present invention provides a catheter dev.ee for delivering 
an electric pulse to a nerve, comprising a distal region and a proximal region, said 
distal region having a plurality of electrically independent expandable electrodes and 
an electrode expanding means, said proximal region having an electrical connecting 
means for applying an electric pulse to the expandable electrodes. 

|„ a second aspect, the present invention provides an endotracheal tube 
electrode device comprising an endotracheal tube having an inflatable means of 
expanding an electrode, and a plurality of electrically independent electrodes thereon 
so that each electrode contacts the tracheal wall when the means of expand.ng an 
electrode is inflated, and wherein the electrodes have means for connect.on to an 

electrical pulsing means. 

In a third aspect, the present invention provides an endotracheal tube electrode 
device comprising an endotracheal tube having a plurality of electrically independent 
electrodes thereon, so that each electrode contacts the tracheal wall when expanded, 
and wherein the electrodes have means for connection to an electrical puls.ng means. 

In a fourth aspect, the present invention provides an nasogastric tube electrode 
device comprising a nasogastric tube having a plurality of electrically independent 
expandable electrode thereon, so that each electrode contacts a pharyngeal, 
esophageal, or gastric inner surface when the electrodes are expanded, and where.n 
the electrodes have means for connection to an electrical pulsing means. 

In a fifth aspect, the present invention provides a nasogastric tube electrode 
comprising a nasogastric tube having an inflatable means of expanding a plurality of 
electrically independent expandable electrodes attached to an inflatable collar so that 
when the collar is inflated, the electrodes contact an inner surface of an esophagus, 
and a means of supplying an electric pulse to the electrodes. 

Throughout this specification the word "comprise", or variations such as 
■comprises" or "comprising", will be understood lo imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps, but not the exclusion 
of any other element, integer or step, or group of elements, integers or steps. 
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The present invention solves the problems described above by 
providing a convenient apparatus for the application of an electrical pulse to the 
vagus nerve so as to arrest the heart beat in preparation for diagnostic or 

5 therapeutic medical or surgical procedures such as cardiac surgery. The 
apparatus directs an electrical pulse of optimized intensity and duration at a 
selected position along the nerve, and thereby induces cardiac quiescence. 
Spontaneous escape from asystole is prevented pharmacologically. The present 
invention, therefore, provides the apparatus and methods for the cardiac surgeon 

10 to induce a state of Controlled Intermittent Asystole (CIA), thereby greatly 
easing bypass surgery, significantly improving surgical quality and patient 
outcome. 

The apparatus of the present invention allows the determination of 
the optimum location for an electrode to apply an electric stimulus to the vagus 

15 nerve. The apparatus correlates the response of the heart to the electrical pulse 
and modifies the stimulus to achieve suppression of the heart beat and then 
administers an optimized electric pulse to the vagus nerve. Both for safety and to 
deliberately terminate asystole once the surgical procedure in the heart is 
completed, the apparatus includes a cardiac pacer to stimulate the heart to escape 

20 asystole when this is desired. 

The apparatus includes a multi-channel output means with at least 
one electrode linked to an electric pulse generator, and which will direct the 
electric pulse to the vagus nerve with efficiency and with minimal damage to the 
neural tissue. The electrodes are adjustable as to where they may be placed 

25 relative to the vagus nerve and offer various degrees of invasiveness. The 
electrodes of the present invention offer adaptability to the needs of the surgeon, 
variations in patient anatomy or physiology and the requirements of the cardiac 
surgical procedures being employed. 

Accordingly, a preferred aim of the present invention is to provide an 
30 apparatus that will permit the surgeon to apply a selected electric pulse stimulus to the 
vagus nerve so that asystole will be induced. 

It is a further preferred aim of the present invention to provide an apparatus 
that optimizes the electrical stimulus to the vagus nerve. 

It is yet a further preferred aim of the present inventing to provide electrodes 
55 for the direct or indirect application of an electrical stimulus to the j 
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vagus nerve that minimizes damage to tissue while allowing the surgeon to 
determine the optimal location for the eleptrode. 

Yet another preferred aim of the present invention is to provide methods 

for the administering of an electrical stimulus to the vagus nerve ana a 
pharmaceutical composition that will result in Controlled Intermittent Asystole. 

An advantage of the present invention is that it offers the surgeon 
an apparatus that integrates the means to electrically stimulate the vagus nerve 
with the means to determine whether the heart beat is suppressed and will 
automatically determine the optimum stimulation to the nerve. 

Another advantage of the present invention is the induction of a 
readily regulated and reliable state of asystole, greatly easing cardiac surgical 
procedures and comfort to the patient 

These and other features and advantages of the invention 
and preferred embodiments of the present invention will become apparent from 
the detailed description that follows. 

Brief Description of the Drawings 

Figure 1 is a schematic arrangement of the vagus nerve stimulator. All of 
the components of the stimulator are shown as separate entities although it is 
envisaged that the interrogator, logic circuitry, the pulse generator, the cardiac 
monitor and the cardiac pacer could be incorporated and integrated electrically 
and electronically as a single unit in any combination. 

Figure 2A shows a longitudinal section through an embodiment of the 
catheter wire or basket electrode device. Figure 2B shows a transverse section 
through the catheter device at the plane A-A* of Figure 2A. 

Figure 3 shows embodiments of catheter wire or basket electrode devices. 
Figure 3A shows a wire electrode. Figure 3B shows a wire electrode with 
arcuate ribs. Figure 3C shows a wire or basket electrode with circumfercntially 
arranged electrodes disposed on longitudinal non-conductive ribs. Figure 3D 
shows a helical wire electrode. Figure 3E shows a wire electrode wherein the 
expansion means is shape memory. 

Figure 4 shows embodiments of the inflatable balloon electrode device. 
Figure 4A shows a balloon electrode with longitudinal electrodes. Figure 4B 
shows a balloon electrode with circumferentially arranged electrodes. Figure AC 
shows a balloon electrode with a helical electrode. Figure 4D shows a baUoon 
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electrode with a longitudinal electrode disposed on a longitudinal raised ridge. 
Figure 4E shows a transverse section through tbe embodiment of Figure 4D at the 
plane B-B\ Figure 4F shows a balloon electrode with longitudinal electrodes not 
fixed to the surface of the ballooo and united by a wire yoke. 
5 Figures 5 A and B show longitudinal sections through a catheter umbrella 

electrode device. 

Figures 6A-D show embodiments of the clip electrode device. 
Figure 7 A shows a wire mesh neural electrode. Figure 7B shows cuff 
neural electrode conforming to the shape of the nerve. Figure 7C shows a 
10 transverse section through the cuff electrode at plane C-C\ Figure 7D shows a 
cuff neural electrode with two separate electrodes. 

Figure 8A shows a pad embodiment of cutaneous electrode array. Figure 
8B shows a pad electrode with traversing hole to surround the neck. Figure 8C 
shows an electrode with traversing bole to surround the neck. Figure 8D shows a 
is cutaneous electrode in a necklace configuration. Figure 8E shows a cutaneous 
electrode in a rurtleneck configuration. 

Figure 9A shows a tube balloon electrode device for insertion into the 
trachea or esophagus. Figure 9B shows a tube umbrella electrode device. Figure 
9C shows an alternate electrode device of the present invention. 



Detailed Description and Preferred Embodiments 

The present invention provides devices and methods for achieving 
23 Controlled Intermittent Asystole by means of vagus nerve stimulation. While the 
purpose of the devices is for achieving Controlled Intermittent Asystole status by 
means of vagus nerve stimulation, the devices are not limited thereto, and it will 
be recognized that various embodiments of the invention can be used to facilitate 
other medical or surgical procedures. 
30 The present invention provides apparatus for the regulated 

electrostimulation of the vagus nerve to induce a stale of asystole. The 
embodiment of the vagal nerve stimulator apparatus also include electrodes, 
catheters and electrode catheters suitable for applying a selected electrical pulse 
to the vagus nerve for the purpose of controlling cardiac rhythm. The apparatus 
35 include a pulse generator, a cardiac pacer and a cardiac monitoring means. The 
apparatus further comprises interrogative electronic circuitry and computer 

5 
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readable software intended that will aliow the apparatus to determine the opuma! 
position of an electrode for the delivery of an effective amount of neural 
electrostimulation to arrest the beating heart. Tbe apparatus of the present 
invention also includes a cardiac stimulator and control circulatory and switches 

to revive the heart. 

The present invention also provides methods for the induction of 

Controlled intermittent Asystole (CIA) by means of the co-administration of an 

effective amount of a pharmaceutical composition compns.ng an 

acetylcholinesterase inhibitor, a beta-adrenergic blocker and a calcum channel 

blocker and the electrostimulatory impulse that will arrest cardiac activity. 

Definitions 

The term "electrode" is used herein to mean any conductor used to 
establish electrical contact with an area of a human. Said area may be. but is not 
hrmted to. the surface of the skin, the interior surface of a blood vessel, the 
gerontological tract, the respiratory tract, or any other internal or external 

surface of the anatomy. 

The term "cardiac monitoring means'* is used herein to mean any 
device that will measure the frequency or amplitude of the output of the bean. 
-n,c output parameters mcludc. but are not limited to. the electrical output of the 
heart the pulse strength or its frequency, or systolic or diastolic blood pressure. 
The -cardiac monitoring means" can be. but is not limited to, an 
electrocardiograph, a sphyngometcr. a pulse detector or any other mechanical, 
electnc or electronic device known to one of skill in the art that will detect 
cardiac activity and translate said activity measurement to an electrical s.gnal. 

The term "cardiac pacer" is used herein to mean any device that 
will induce the heart to beat in a regular or intermittent manner. 

The term "electric pulse" is used herein, but is not limited to. a 
unipolar or bipolar pulse, wherein the unipolar pulse is between a single electrode 
, implanted in. or situated on. a patient, and an electrode electrically connected to 
ihe ground and wherein the bipolar pulse is between at lea* a pair of electrodes 
in or on the patient, with no electrode being directly grounded. 

The terms "electric pulse generator and "pulse generator" are 
used herein to mean any device or devices that will deliver an electric pulse of 
5 preselected frequency and amplitude. The device will include electronic circuitry 
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electrically linked to variable switch means to regulate output voltage, frequency 
and amplitude of the current supplied. 

The term "means of supplying an electric pulse" is used herein to 
mean, but is not limited to an electrically conductive wire, strip or other means 
5 known to one of skill in the art. that is electrically connected at one end to a 
source of electricity and at the other end to the site of delivery of the electricity, 
such as. but not limited to. an electrode. 

The terms "interrogator", 'interrogative device" or "interrogative 
circuitry" are used herein to mean any computer or electronic circuitry or device, 
to including computer readable software, thai will receive the signal for a cardiac 
monitoring means and adjust the electric pulse delivered by the pulse generator 
until the cardiac activity is temporarily, substantially or completely eliminated. 
The "interrogator" will also include circuitry to sequentially assign an output 
pulse from the pulse generator to at least one electrode of a plurality of 
t5 electrodes. The interrogator also includes a logic circuit wherein it may integrate 
ihe cardiac monitoring means output, the pulse generator and the selected 
electrode. The pacer also, but not necessanly is electrically linked to the 
interrogator. The interrogator may be microprocessor based and include software 
to compare the signal from a cardiac monitoring means and regulate the output of 
20 the pulse generator and the cardiac pacer. 

The term "catheter" is used herein to mean any tube device that 
can be introduced into the body of a patient or animal through an orifice or 
incision thereof. The device includes, but is not limited to, an intravascular 
catheter, a tracheal catheter or tube, a nasogastric or esophageal tube or catheter 
25 or any other tube device that may be introduced into a human or animal. 

The term "manual switch ' or "manually operable switch" is used 
herein to mean any switch device operable by foot, hand, voice, or any other 
means available to the surgeon during the course of surgery and that will override 
or supplement on automatic switch means such as but not limited to that provides 
30 by the interrogator unit. 

Pharmaceutica l Compositions 

The terms "pharmaceuueal Controlled Intermittent Asystole 
composition" or "CIA composition" are used herein to include, but arc not 
35 limited to, pharmaceuueal compositions capable of prolonging a state of cardiac 
asystole. The pharmaceutical compositions comprise an acetylcholinesterase 
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inhibitor selected from, but not limited to. donepczil hydrochloride, tacrine 
hydrochloride, pyridostigmine bromide, neostigmine mcthylsulfatc edrophonium 
chloride, physostigmine salicylate, a 0-adrenegic. receptor inhibitor selected 
from, but not limited to. sotalol hydrochloride, timolol maleate, csmotol 
S hydrochloride, cancolol hydrochloride, propranolol hydrochloride, hetaxolol 
hydrochloride, pcnbutolol sulfate, metoprolol tartrate, accbutolol hydrochloride, 
atenolol, metoprolol succinate, bisoprolol fumaratc. and a calcium channel 
blocker selected from, but not limited to. nifedipine, verapamil hydrochloride, 
nicardipine hydrochloride, diltiazem hydrochloride, isradipinc. nimodipine. 
10 amlod.pine besylalc. fclodipine. nifedipine, nisoldipine. and bepndil 
hydrochloride. In a preferred embodiment, the compos.tion comprises an 
acetylcholinesterase inhibitor, a beta-adrenergic receptor inhibitor and a calcium 
channel blocker. In a more preferred embodimem or the present invention the 
composition comprises between about O.t mg/kg body weight to about 100 
IS mg/kg body weight of pyridostigmine. 0.01 mg/kg body weight to about 100 
mg/kg body weight of propanoic! hydrochloride and between 0.001 mg/kg body 
weight and 1.0 mg/kg body weight of verapamil hydrochloride. Most preferably 
the pharmaceutical composition comprises 500 ug/kg body weight of 
pyridostigmine. 80 Ug/kg body weight of propanoic hydrochloride and 50 Ug/kg 
20 body weight of verapamil hydrochloride. 

The preferred method of administering the CIA composition to 
achieve CIA is as a slow bolus delivered intravenously over a 1-10 minute 
period. The CIA composition is given to establish a pharmacological 
background state in which subsequent vagus nerve electrostimulation causes 
25 CIA. The CI A composition may be maintained at effective blood concentrations 
in a human patient by slow continuous or intermittent infusion. Repeated bolus 
administration may be necessary in some patients. The effects of the CIA 
composition may be reversed chemically if necessary by intravenous 
administration of a drug chosen from, but not limited to. atropine sulfate, 
30 isoproterenol hydrochloride, and epinephrine hydrochloride. 

Abbreviations 

The following abbreviations are used in this description. CIA 
designates Controlled Intermittent Asystole. CABG designates Coronary Artery 
35 Bypass Grafting. CPB designates Cardiopulmonary Bypass. OPCAB designates 
Off Pump Coronary Artery Bypass Grafting, or coronary grafting without the use 
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of cardiopulmonary bypass, synonymous with beulin* heart bypass surgery. 
M1DCAB designates Minimally Invasive Direct Coronary Anery Bypass 
Graft.no, an off-pump grafting procedure, typically performed through a left 
thoracotomy. E-CABG designates Endoscopic Coronary Artery Bypass 
Grafting i e. CABG performed using endoscopic instruments inserted through 
small intercostal incisions, and in the absence of a sternotomy or formal 
thoracotomy. All embedments of the invention may be used with pump-assistcd 
or entirely off-pump procedures. 

Controlled intermittent asystole can be achieved by potentiation of 
vagal induced bradycardia by means of a pharmacological combination. The 
chronotropic effect of vagal n C rve stimulation in the absence of pharmacological 
potentiation includes a very brief initial pause followed by "vagal escape" beats 
and transient bradycardia. Vagus nerve stimulation alone does not produce 
controlled asystole. On the other hand, increased acetylcholine activity resulting 
from acetylcholinesterase inhibition, the prevention of electromechanical escape 
from asystole by beta-adrenergic receptor and calcium channel blockade, and the 
application of simultaneous vagal summation produces a marked potentiation of 
vagal-induced asystole, and a means of achieving Controlled Intermittent 
Asystole (CIA). CIA can. therefore, be reproducibly achieved for prolonged 
periods or for multiple shorter sequential intervals selected as appropriate for the 
construction of coronary anastornoses.or other medical or surgical purposes. 

H has unexpectedly been found that stimulation of the right vagus 
nerve combined with administration of the preferred pharmacological 
composition results in prolonged asystole. While electrical stimulauon of the 
right vagus nerve is preferred, electrostimulation may also be effectively apphed 
to the left vagus nerve or to both nerves simultaneously or sequentially. The site 
of nerve stimulation can be. but not necessarily, in the neck. 

The preferred indirect method and she of stimulation of the vagus 
nerve is by means of a percutaneous catheter or electrode probe implanted in the 
internal jugular vein, trachea, esophagus, or a combination thereof. Other 
preferred locations for vagus nerve stimulation include, but are not limited to. of 
the right or left vagus nerve or both. The nerve may be stimulated by unipolar 
excitation, wherein the ground electrode is located at the skin surface, or by 
direct or indirect bipolar excitation. An internal jugular vein stimulating electrode 
i device can be introduced through the sternotomy via the right atnum, the right 
atrial appendage, the inferior vena cava or the superior vena cava. It can be 
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associated with a flow-throug* cannu.a, far .he purpose of ^na^ 0-A 
"Igs. A stimu.at.ng e.cctrode may also be placed in d.rec, . >» 
vagos nerve by thoracoscopy, thoracotomy or s*motomy and dunng the course 
U-cncs, .^ surgery, n. present invent contempts * m. eof 
any 5 «he presently described devices with the me.hods for achtevtog controlled 
liter! asystole, .ncludmg the use of pharmaceuuca, composes fo, 

.riM .he same. jnven(ion i[np1antable CBhclcrs taving . 

plur ,H,y of electrodes. An electric pu.se can be sen. .o a sing.e electrode or .0 « 

as, 1 decodes random.y or non-randomly sdec* 
Acridly, by an interrogator device. The rn.erroga.or dev,ce - 1 measure 
aTac ou.pu. and de.erm.ne cardiac activity as a funcrion of *e decode or 
decodes used. A p.ura.i.y of electrodes on an in.ravascu.ar ca.be.er wU ^ 
lhe sor geon ,o dc.crm.nc wb,ch decode or decodes sttmu.ate *. vagus nerve 
(O achieve maximum suppression of cardiac aci.v..y. 

While .he op.imd number of wires can vary dependrng upon .he 
circums-ances. four. eigh. or .we.ve wires per basket provide symmetr^Eech 
wire , an mdependen. decode, e.eccal.y exposed on,y on « outer scrv.« a. 
lhe poin. where i. makes contact with ft. w,U of me interna. jugular v«n 
B rrachTa. or esophagus. The decodes may be se.f-e.pand.ng or reuac.ab.e as a 
group when the device is deployed. . 

The vagus nerve can be stimulated in a un.polar or btpolar 
fashion. An array of e.ectrodes in Uk form of a baske, baHoon or umbreUa 
<fcv.ee can be used to stimulate the vagus nerve between a chosen Cecoodc nb 
and , ^paratc ground, or between two chosen electrode ribs on the same dev.ee. 
™ s a^pTes the baske, baHoon or umbre.la devices, wbether with stnps of M 
™!L Z umbrella tip electrode, and regardless of whether .he jnp or j 
e.ee,rodes are onen.ed .ongitudinally. uansverse.y or sp.ra.ly. 
excitation, the ground can be an adhesive pad f.xed to the pane* s skm. Cher 
,0 overlaying .he vagus nerve or p.aeed elsewhere ^ 

The vagus nerve may be most etiectiveiy <~ j 
with a sing.e baske. or balloon or sreerab.e wire device in *c interna, jugu ar 
vein esophagus or trachea. Alternative.,, a bipo.ar eleetnc Held may be used 
Jis preferab.y. bu, no. bruited to. between decodes on individual dev.ee 
35 separate anatom.ea. structures. For example, a baHoon. basket or umbrella 
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•~ ;„ ihe iiutnal jugular vein, while -other cSccircfc is a 
catheter may oc in inc iiuchum 

balloon, baske. or umbrella in .he trachea or in .he esophagus. 

Endoirache.. and endoesophaeeal balloons, umbrellas or baske. 

be continuous or interned. In the case of .n,errup,ed stnps. each segme 
thestripcan be an independent electrode. 

Any two independent electrodes can be used .« a o.po.a 
„ „ Tn electrode is an option recognised by a logic and control 
Each .ndependen, electrode » P cathoten bearing 

software of a molii-channel control box dev.ee. in mc 
Loon basket, or umbrella electrodes, two decodes on 
Baikal ****** can be inflated or deployed adjacent to each other. Th.s 

eapuLg -he vagus nerve w*. *e — J^^^ 
The optimum electric f.eld may be between two 

indent s*p, of', stngle cadger * • — 

as. but no, limited ,o. .he imernal jugular ve.n. £ 

indlvid ua, pauen, vanabi.it,. it may be ***** -J- 

^ps on .wo different catheter dev.ee, e*h - ^ - 

Such oaircd localions for the electrodes would .nclude. but « not Htm 

Such pa.red ^ Qr fc esophagus a nd 

jugular ve.n and esophagus, jugu preferably 
5 , r achea. In each of these embod,men. . Ok 

phoned hy .he surgeon following u tresoon gu^ ^ J> ^ 
measurement of ca.heter .nser..«n length, o, any 
Fluoroscopy and echocardiography are alternauve .echnolog.es .ha, 
appUedu.conflnnp^.onmg^ _ ^ ^ ^ ^ , 

„poscd vagus nerve. ^-^J^S^t 

™* ;»«.|f The orcscnt nvenuon provides eiecirouc u 
Zt. » Led o he vagus nerve wi,h greatly reduced mechanics, damage ,o 
rnl ll ™s represen-s a signify advance s.nce repos.on.ng 
J5 £ CeOrode and .herefure repeared Camping ,0 the nerve may be necessary 
^eroune ,he oprimum locauon fore.ecuiea. indued™. of asys«o.e. 



-14- 



pcT/usoo/mii 



. • ' an etecrode onto a vagus r.erve be by a 
Dire c, pi— « « »** cu(f ^ (ha) co(nplelely or 

c„p means M ernes a, leas, one ^ an eteclro de means 

partially envelopes the nerve The cuff may c ** means. The 

L he a, leas, one elecuodc «- « T*^S ^ otherwise shaped to 
decuode, « compnsed of materia, that .a console 
a vo.d .ndenting or crushing the neural ussue ele e.rodes can 

An entirely cutaneous array. 
.tentative,, he used «, create an electnc W ^ ^ „ adh£Slve 

- vagus nerve. Such an art.y can , o ^ ^ ^ ^ 

, ^ w,th from . l^J^Z,^ - — — °' 
isolated from the others and electrically used fo , unip ola. 

or huh. A single selected electrode ^ paira or other mu.hpo.ar 
simulation. Alternatively, they may be employed ^ tetrode 
e.ectrode combinations, or in combinat.on «* a,J ^ ^ 

5 positioned in the internal jugular vem. tr^he, or 

— °" The methods of the present *^^^^Z 
vagus nerve and there* apply an elecuica. — - — «, 
JLc ^scence. The efceuode dev,ce may cardiac response 

„ a more advantageous location fc , evice may transmit an 

Alternative.,, one or more of the electrod ^ ^ ^ 

etectric pulse to the nerve. The « <*J ekcffo<k , The 

^^^P-^^'.^^rln.pri.e administering a 
method of the present tnvenuon of ^ ^ from asystole. 

25 pha rmaceo.ic3. composition *" - — ' 

This will relieve the surgeon of concern a at «hM ^ ^ ^ ^ 

^- , f.ail heat whi.e n ihc midst ol a surgi^ i« 
brachveardra or full be* w*le ^ ^ ^ 

suturing of an anasK»mos,s between a t^p I , he foUowi „ e 

Thc pre^t iropos mg .imitauon upon 

30 examples, which are no, to be consoled n any ^ ^ ^ 

Ihe scope thereof. On the conUary. ,« . » *«*-Y ^ ^ 

bc had to various other embodiment, morons an ^ M 1D lnose 
wo.ch. after reading the desenptmn hemtn. £ jnvemion . 
*»M in the an without departing from Ore sptn, of the p 
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Vagal Nerve Stimulator Apparatus. 
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«. ^ —ion, , S ^ i0 

logic and control software » "nl^lly This elecUonic device rece.ves 
, h e vagus nerve "blindly" "T**^ „ opc rab.y connected to . 
continuous input ft- . — ^ then sample the induced 

patient by . cono.ct.on ***** «• t0 . particular electrode 

cardiac response resulting from an ^JT^**** 30 or electrode pair 3. 

30 or ..ecu-ode pair 31 and thereby ^ ^o.e. Thus. 

^ are the most effective in producu^ ConhoU^ ^ rf 

- — - ^rrxtr^ ,, ally 

selecrs *e most appropriate "^^^ logic and control software, 
fusion »f*e cardiac ou^respc^Alu^gh av . u . ble strode 

, however.is conceived to ^J^*^ ^ *..« -* • 
combinations, it is .mportan. thai tins m ^ ^ , 

selectively function in a ^ „, 3 vagus nerve 

display, a Pturaliry of numenc keys aod ta» iodepcodenI ry access the 

JL. and a vagus nerve ^ that an elcchode ,0 or 

!0 various eleorrodes electncal.y ^ ^ 

strode c.mbinarton can ^ compri5ts . puIs e 
^ apparatus of the „ uniB. Such 

geneOl0 , 40 such as. bo, not Umtted ,0 . GRAS source, such 

I ele coosrirou.a.or inc.udes. but • oo« Imrted t°, a egu 
25 as a batury and regulator, a nerve : - o( , iro „ circuits 
timer circuit, and a power w one of sail, in the aa 

a„d power -P'^"^^^ Mention offers a wide variety of 
The apparatus of the present ^ ^ duration of 

bipolar or bipolar outputs 41 T1* pulse 6""* paraI „ctcrs can be varied 
30 ,o be controlled ^^^L range her.een about 

cil hcr manually or automa.^ally^^"' ^ ^ from .bout 

, Hl and about 500 Hz. Preferred pulse amp .tude ^ ^ ^ ^ 

0 , vol , ,o about 100 volts, with amperage of from abo 

■"A r u «.„t invention further comprises a cardiac 
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in a preferred embodiment the cardiac pace, 60 is 
con „ec,,ng mean, J o to ' .^d software so 

electrically connected <o the log stlinu la,ion. 
that lt ,s ,n,egra,ed with *e pulse genera- fo vaga I n ^ ^ ^ 

The vagal nerve emulator cu.pu c , vai ,able 
pacemaker, which can have parameters ~ J fc vagal 

Uer device, The - ^ - cardUc pacer and ^ 
stimulator output .s on The sottw he »rt does not 

stiro „,a,or can automatically commence r* pac g ^ ^ ^ 

- ^.^n^TtcCTsm provides a sign.^t safety 
clectrostimulat.on. Th.s feedback m 

feature when CIA is used climcal^ invention, a foot 

- ' ^rvaguTn- St,—. A foot peda, 

ped al assemh,y 50 -^*J~L--- foot switch and a hear, 
assembly 50 has a normally open lterna(ive w eilhCT au.omahc or 

s desumulation foot switch that can be use* ^ ^ 

na od-opcr»<cd swipes. The P^on of <™J ^ deslimo Ution 

surgeon toconm- whcn ^n an ^ also 

occu, while leavog the hands free to P wlth the housmgor 

Dunng open chest surgery ^ * r «,uired. The 

swi ,ch is pressed .0 selectively 0, stop lo tea , for a 

hear, may be st.mu.ated ~ fc ^ and *cn agnin be 
25 predetermined time ,0 perm,, * ^ and lUow the surgeon ,0 

elec.rostimula.ed via the vagus nerve for asy ^ ^ foot pe da. 

continue stitching. An alternat.ve P- ^ ^ switches 
assemblies 50 would be to prov.de a ^s.ng.c f« ^ ^ „ . also 

be^een stimulate and desumulat.on each ume^ dev.ee 
30 contemplated that automat.c st.mulat.on by means 

could be provided after a preset umepenod a voi ccac»va.cd 

ln ye, another available voiccecognition 

swi ,ch can be used .ha. mcorporates commerce y^ ^ ^ on 

software into , verba, conno. mechanism « w J ^ whcn evcr 
„ ^ off. This switch can a.so fun~ ^ ^ pacemaker is 

,he vagus nerve stimulator ,s turned on. outp 
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available devtces inlcminent asyslol e. 

this new application of producing comroi 

for cc contact between an e.ecuode and the blood ^ ^ 

« ^i^rtric fields to pass through the mm w» 
, electric current and electric tlews imroedialc ly adjacent to the 

jugul ar vetn : ^JET^it 'added ,o any 

interna, jugular vein. The electrode ^ ^ ^ (<j ^ 

catheter device known to one of stall - *e art positioning 
Sw an Gam catheter, the tip of w h ,ch wouh. atdm P~P^ ^ ^ ^ ^ 
3 and monitoring of pulmonary anery n(jids ^gs. with 

or move intravenous ponOO - - — ' — 

appropna.e intravenous access hub The clcc onneclof . 

„„ be provided vi, an eMema, *^J Ie csth e.ers tha, .How 

The intravenous catheters can be steera^ ^ ^ 

20 precise positioning of an electrode thc nerve and induce 

minimizing the electrical energy needed ^ ^ ^ 

Controlled Intermittent Asystole. It fro m the cardiac 

me vagos nerve by determining the feedback s.gn.l 

output monitor in response to nerve sumulauo- ^ 2B provides 

The oresent invention, as shown in rtgu. 

15 . ,Cer device for delivenng an electric pulse to a nerve. The 

an intravascular catheter dev.ee fo ^ ^ , p „, 

catheter device composes a shaft 100 havmg a 100 and 
reg-on U0. the distal region 1 .0 ^"^ ^ includc a means of 

an decode eapandmg means 3 » ^ mean s 100. The 

30 supplying an etectnea. pulse 10 to tb e*P ^ § ^ .. 

means of supply** an ^ — » 8 

channel connector means P , J0 firmly . The shaft .00 

hub ,3i attached .hereon to Md th supp. rn^ ^ ^ (K Thc 

may further compose a handle 101 and , 02 , wbich can be 

„ intravascular catheter can be .nseOed Oiough sa ^ ^ ^ 

sutured to a patient s skin near the sue of mscrhon. There 
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s hea,h .0 .void b.eeomg. and «>« ««he«er can be rouble within the 
sheath 102. While »o. wishmg .o lim.l .be mvcnt.on. .he 

Wire " AlU»ugh h is con.onpU.cd .ha. .he dimensions of .he expandable 

< 100 will be selected as a function of the blood vessel or other 
decuode means 200 wrtl be sc. is i„K> 

anatomical structure receivmg the catheter, aid woere . ^ 

1 recioien. human or animal, in preferred embodiments of the decide. *e 
To ^ tetrode wil. be be.ween about I cm and .5 cm. mos. preferably 
S^^TT- * cm. The d,an,c,er of .he sha« is prefemblv betwce n 

abou.0.5 and 5 mm. mos. preferably 1 mm 

The preferred teng* of .be intravascular ca.he.er .s depe 
.•. ~,i„. of insertion of the ca.he.er in.o a human or annual. Wben me 

^ m «n orefcrabty btween about 15 cm and 25 cm. bor subctavia 

rTalT.C, mos. preferably between abou. 80 cm and about ,00 cm. 
, ;:^eL. wherein the catheter decode dev.« is advanced ^ 
Lr^r.oiun. in.o .he supeno. vena cava or in.ema, 
.ength is between abou. 5 cm and about 25 em, mos. preferably between abou 



Cm " n<! 'r^erir^or^aee^. The expanding decode means 
„ rIc 2A is selected from , varicy of pancms and shapes .ha, 

" JZ^Z ^ to. the ribs or staves of a bar. as 

^Figures 3A-3D. The electrode nteaus are electrically ."dependent of 

"* A preferred emboduncn, of *. expandable decode means 200 

,0 and .he electrode expanding means 300 is shown in Figure 3A. wherem d,e 
tZ* means 200 is a bas.ee. ca.he.er decode wi.h at leas, one cxpandab. 
£TZ P~'<— embod.ment. *. expandable rib 20. or plum..,, of such 
k ctectncally conductive wires. Thin wires arc preferred with a tb.ckn«s 
S^SS inch and M inch. nms. preferably = abou, „« 

3S and l,b inch. ,n another 

electrically conductive strips fmoi about 1/128 inch to about 

16 
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nreferab.y from abou. l/M inch ,0 1/4 inch. In yc. another preferred 

electrodes dispersed thereon. In a most preferred cmbodtmem. the electnc.l.y 
or so* is coropnsed of a proximal region 202. a comal regton 
^ a distal region 204. herein Ok proximal region 202 and the cen« 
"gion^ form a firs, angle and the central region 203 and the dtsta, regton 04 
Z a second angle. Preferably the firs, and second angle, are between about I 
.80' MOS. preferably, Ok: first and second ang.es arc between about 

, plab,, the Hbs .0, are between , and about 4 8 m number 

_ preferab.y between 2 and about ,,<.-*«. ^'^^^ 
Uie length of the expanded electrode 200 is between about . ^ ^ 
More pmfcrably. me length is berwecn abou, 2 and about o cor Th< • 
Ok cameter before expansion is the d.ameter of the catheter shaft 200 and 0.5 

is mm to about 5 mm, fnosl preferably 1 mm. 

ln one embodiment of the present invention, the centra, region 203 
is electrically exposed, and me proxima. region 202 and d.stal region 204 are 
«lu.L. , this embodiment, me length ^« 

— t 20 ; isbe TmT r^rsssrs^. 

- n n s and about 5 cm. Toe means m e . . . 

prefel bu, no, .united to. woes elecuicaHy connected to me cxpandab c 
^ rls !30 me e.ecmcally independent of one another. and pass *™gh 
2 shaft .00. The wires .30 and are Cectrically connected to a rnulti-chanoe 

" Z:SSCS™»S.-i"-- -expandab, 
ribs 201 are anached to the distal end 301 of the rod 300. 

,„ another embodiment of the present invention, shown .„ Ftgure 
JB ,he expandable ribs 20. are arcua.e when expanded. In a preferred 
30 elodimem me lengd, of an electrically exposed cernral > « - he 
expanded arcuate decode is between about 0.1 cm and about 2.5 cm. More 
preferably, the range is between 0.5 cm and 2.0cm. ^ 
The present invention is intended (o include oiner 

■■ . a .« ,i-rimdes 206 circumferentially 
expandable electrode such as. but no. limited to. electrodes 1 

J5 disposed coaxially around the rod 300. shown in Figure 3C. a hchx as shown m 
F ^3D. .« Z circumferential e.cctrode embodiment shown ,» Figure 3C, 
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non .conduc.ive ribs 20S SOpP ° J clec „odc 206 is electrically 
circumferential* disposed thereon. muU i-channel electrical 

conned ,o an elecuic pulse appl^S «*™ 

connection 131. as shown .n F.gure ZA. deployed, once the 

catheter has been implanted . the ^ * ^ shlft l00 reU tive to 

pr „x,m.,y of a vagus nerve. Exp»s.on» b t £lc£((ode 
L distal end 30. of the tod 300. Th.s expo ^ ^ ^ ,„ oftbe 
means 200 that were deposed .gams, ^ ^ ^ be fix£<) „ ,ip 

shaft ,00. In anodrer emt»d,me». *e c. ,„ ^ ^boditnent. 

3«, and to the distal end U0 of the , 00 wlM fore e the 

par tia, .enaction of the rod 30. mto the ^ ^ „ ^ched 

Strode .cans 200 to ^ end U 0 of «,e shaft 100, 

wh en the tod 300 i* extended re auve «o ^ „ facll „ ale 

5 thereby rcduciog the dtameter of the ^ ^ ^ SInlctwre 
catheter electrode insert.on '"'<>•<»< mean$ ,„ and expans.on 

Al ,ema,,ve means of deployment * * ^ M ^ bul „„, Umitcd to. 
theteof ate contemplated by the ^ ^ 3 00 so that a 

sending «he tod 30. from «he shaft W0. ^ ^ ouwarfs . 

2o helical electrode means 208. such * ^ToTL catheter e.ectrode device 

ln ye. another embod.men. of the ^ means 

contemplated oythepresent — ^ „ pandsblt 

is , shape memory implanted .« the <>nd* * ^ ifflpUnt ed 

2S io xhe conductive ma«enal of the elecno embo<Jioienl „f the expanded 

of *m in the art. TV shape of.be figore 3E , .rcuate 
ele c,rode mcludes. W is »« «m,«d to. — * ^ * 

ribs, a helix or any other shape tha , J* - or . n y other 
catheter electrode ,0. "^'"^ Expand spontaneously whe. the 

J0 an a,om,ca. structure. Tbe decode J < «» ^ eleclrode . A shape 

shaft ,00 of the catheter dev.ee ■ ^ fc ^ioo ofsaid shaft 

memory ^ZT^ ^ — " * ^ 
100 by preserving the lengi 

occurs- ri ^ electrode expansion means of the 

<®G*-~ Balloon ^ hav|ng clccUl caUy 

present invention is contemplated to bean 
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„, discontinuous strips thereon. Once a catheter 
conduct wi« S or contmuons or ^ ^ o( lh e 

electrode device is implanted m a conuc. beween the 

balloon is .nfU.«d with gas or hqutd *° " «» ™* 

eleowdc and the interior wall of *eb oo ve ^ „„ be ori en.ed 

™ ^ n r^eT^vice in any fash.on «ta, include 
re ,a,ive to the long -s of * c.h ^ „ ^ 0(hef ^e tha, w. 

toog.tud.nal. cireumferentut. hebca. ^ fc wall 

provide electrica. contact between the cath .ere ^ 
of . ^ vesselorany - — - r electrodes described in <■> 
0 isolated from each other. As x lhc hab of the catheter. 

*~ the electrodes « J— ^ ^ am , wil h the 

Wire electees may be ««d as rf ^ ^ agamst ^ 
expandable balloon presstng the ^ which do oot ma ke contact 

The expandable balloon is coi v polymer 
hnown to one ofs.,1 in - .such * £ - ^ * ^ The 

or monomer .ha, is ac«P^e Jor „ ^ected to 

baHooo 40. may be composed of a Hex* of ^ balloon can 

20 a means of applying an elcctrtc p»be 207 » lhc balloon 400 

action as an expandable electrode mereon or a 

compnses a nexible metallic fo.l w* ,m — , P ^ 

polity of ^"^tfn^T^ymS an electric pu.se m 
electrodes electncally connected a 5tfi of ^tall* 

25 native,, the ^^^U Really connected to a 
foil and insulating material, each Ton su v 

30 tube The balloon may encode ,n wt> F- vancry of shapes 

anatomical structure. Prefcrahty. ^ 
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preferably between about 2 cm a I- Th V ^ 
expanded balloon is between about I cm and 8 era, mos p 

about 2 era and 6 cm. .,,.„,« „nz with an electrode 

For transvenous stimulation of the vagus nerve wm. an 
, . balloon a delivery catheter may be used that .s mult.ply 
mounted on a balloon, a oc..ve / lh , r , b v avoiding total 

fenestrated prox.mal.y and d.sta.ly to the 
obstruction of blood now. The balloon « P .ns,on mens o^P 
offers *c addition,! advant.ee *a. rae bafloon may ^ ^^LZ 
incorporate a. least one. or a plurality of. grooves, notches. <"™ RU * 
.ncorjK.rat.ng Mentations or traversrag means of 

tunnels, o, any other form. S ma ,»uio.ng contact 

communication allow unobstructed blood vessel, 

between the expandable electrode and the .n.enor wall o 
, Preferably *. Hdges nuraber betw-o I and 20. more 

m os, preferably between 2 and 6 .n number. £ * of 

ridE es. and the -mpanying — , ^ 

electa are disposed or ^d ndges_ *»* *M . afromUoS . 

sr:^;™— ------ 

balloon electrode adjacent to a target nerve. 

in one embodiment of .be present inveuuon. shown m F.gtue 4 A 

25 lb e catheter electrode dev.ee. the device ^"J£~ 

elecuude 20, iongitudinal.y d.spersed on an <^<™™ n f ^ IB, Ore 
cnaof.be catheter shaft .00. ^J^^ed to ettHc pu.se 
electrodes 206 arc circumferential and arc elcrtncany «j 

cjcciroacs <. h . wn i n Figure 4C. the 

-»m in vrt another embodiment, snown & 
applying means 207. In yet anoiner en 
; a ^ 7n«;<hcUca.lvanangedcoa*.a.1y to the inflatable balloons 
30 elccUode 208 is helically arrawBcu , ^ lse 2 07. 

raised nb 401. w.th an expanoa The pres ent mvention 

15 the expanded balloon is non-obstmcve to the blood flow wjth 
contemplates that .be inflatable balloon may have . plurabty 

20 
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j -u, m ,« he but not limited to, 
electrode means thereon, and that the ra.sed nbs may be. 

cixcumfe.enU.1, o, helical arrangement. . e 
|„ yet another embodiment of the catheter o 

mi i, a flexible w.re mesh, or a metal 
device, the expandable electrode means 101 « a flex.b 

foi, that partial substantially or comply cove^^- 
400. T>e present invention further contemplates «* £ «P» 
means 101 may be any other flexible conducuve ma.er.at 
electric pulse or field to be applied to a nerve. 

ln , purred embodiment of *e a,h«e WJ. ^ 

» expandable electee means ,0, may * *. „ pluralit> , are 
preferably . to 24 in number Tbe decodes ^ cmbodilnenlS) thc 
electrically isola.ed from each other In the pref«r« ' 
expandable electrodes 701 are individually connected to a means o app 

anached to me balloon so that when the balloon ,s '° fl "' d „ „ ot 

. i n fl further embodiment, the elcciroao *v* 

preselected arrangement. In a tuttn C r cm afrang ement by 

1. <i*,*xi<* halloon 400 but held in a pre-selecieo ana. B 
fixed to the inflatable balloon 4uw rondu ctivc yoke 402 attached 

* means of at least one connecting, non-clectncally conducts yo 

to the electrodes 201- inveorioo ptovides a 

m Corner (Mre* ^^STE and SB. The 

catheter umbrella electrode means, as shown 0 r, 
umbrella electrode means comprises - M- ^jJ^J,. . spoke 
M enable electrode means, wherem „ clecuic pulse 605 ,0 

«' and e.ecoical.y connected to a mean ^ ^ T „ e clcctrodcs 

the electrode 600. and wherem sa.d means 605 compr 

,,0 may be. but no, necessarily, d.s^ ne - « ot non- 

60, . The spokes 601 are composed of any deemc^ y^ ^ 

arc not Umited to, wires. k . ^nl com nrises the means of 

the art. When electrically conductive, the spoke «M <"<^ 
delivenng an e.ecUic pulse 605 and .s co-ed w.th ™ ^ 

•-^^-•^-^rX^J^l. umbrella ,0 
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between 4 and about 24^ umbrc lU electrode device, shown 

One embodiment of me ca 

*t..ft 100 with a h«nw» 150 and a rou r 
» Fig"* 5A - hlS 3 ' S4 : d ^ 300 has a distal 301 «* ° 0C - ° f 

- a- — «»• "T* —bed thereto. The spo.es 60, 

. p, U ra,«y of ^;^:rl Hgid rod and .hereby con.,* » M*. 
arc able to move radially away 

0 •«--^^'^rS - rS, d.sposed on .he rod 300 is 
A slideable collar *v plurality of 

connect . *e of r-UUy JL 604 pivouHy 

connect nreans. The ol . on, Unking «. <*< 

jol „ed «o .he slideable eo.Ur 603 and to a spoke 

15 attached .o each spoke 60 1 ^ umbrella decwdc device. 

In another ***** £*J » M the plurality 

show n » F.gure 5B. dte shdeab*^ 3 « V ^ ^ ^ ^ 

of spokes 60.. Li*-! « £ ^ * posiuoocd so ., 

the rod 300 and w me spokes Ml. ™ „ 0o< embodiment 

20 overlays the wires or strips to orm a pro ~ ^ ^ „ s . 

Urdcingwires^caneompn^e ^ o ^ ^ , Q ^ fod J00 . The 
By retracung .he sudeabfc collar W ^ ofUte 

M dtsposco spokes 60, are - * — * ^ 

rod 300 Wires 605 attached to Ure electees (elativc „ the rod 

25 rfideable collar 603 and used to rerrac, or exrend *e co 

300 .-„. ok ro d 300 in.o the lumen ISO of the shaft 100, Ore 

By retracting the rod ->uu catheter may 

„,.^iivc sheadi around .he spokes 601 SO m 
shaft te c,mes.pro.««vc'h» smicture *,.hou. .he 

be implanted in a blood vessc. ^structure. 
30 Ccctrodes 600 penetrating or «^ — £ 2- " * — 

When me surgeon has '»P'*" ,ed ^ fte eleOTO des 600 

— ,he rod io : s : Tit: scs - - z 

from the lumen 150 of the shaft lou * ^ lbe spokcS 60 1 
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ele c«ode .cans clcctnclly » P of thc vag os 

dire c, contact «Hh the eitertor surface o trough either a neck 

nerve en be acb.eved by dtrec. .CC~ » * J „ stcmoUHny. T* vagus 
ioclsl on or via thoracoscopy, thorny »M an<j beu>w ihe , cvel Qf ^ 
nerve can be approached ^J^,,.,,.,,,^ nerve. Th.scanbe 

rie h, innominate ^ of a fomial «emotomy or 

accomplished thotacoscoptcally 

0 neck incismn. „ electrode means, shown in 

The present invent- provtdes c P ^ ^ _ ^ 

Figur cs 6A-6C. for d,rec,.y -^T^ 700 pivoully secured b y a 
compris.ng a first «^'^ cljvc ^ 70* to for. 

pivot means 701 to a ^ 70 3. electnca.ly connected 

■ S confronttngyaws. *~<*^ m JZ*~*™"*1" 
lo » means for applying an ««*^' ^ in ,he confronting ,aw 

the first electrically non^ndoenve ^ 

.hrreof In another embodiment ot tne i 100 3nd 701 

Z^l-rsposed on tbe electrically non.ond.ct.ve -~ - 

20 W i*in the confronting jaw reg.on. to a nerve by the 

The present inventton redoceacro ^ ^ 

erodes being compress.blc ^«^ other embodim ent of the cUp 
n erve tissue, as shown in F.gure 6*. J« J ^ „ ^ve 70S. 

decide, a, leas, one Oecmcal.y non-cond ^ ^ ^ decoode . 

IS shown in Bgores 6B and 6C. wherem *e g- ^ eUc«ode may be. 

.^.ernbomrr^sof d^^^ ^ ^ ^ ^ &c . 

bu , 1S no. limited to. a concave fonn ^ ^ „ ssue . , 

console e,ec«ica»y CO*«C«~ ■■«- ^ or form 

wire, a strip, a wire mesh ^ ue „ ^ embedment 

J0 that wiU not induce phys.cn, ™™<°^ ^ mbct 700 and 702. In aU 

opposmg grooves are .n ^ an e.ectric pulse 704 to an 

cmb od,ments. -he preferred mean, : io' mul(i<hannel connector 706. 

strode 703 ,s a wire elecutcally co noc^ ^ ^ j( ^ ,«„ 

, n ye. another embod.men. the P |n Flgun5 6D . 

3S erectrodes 703. electric,.,, ^^^.y connect to a separate 
Ea ch decode 703 can be mdependent.y 



-26- 



PCT/USM/IUM 



wool")* 173 



_ ... ^ecric poise may be del.vered 
raeans of supplying ane.ectricp-.se. oft opposil>6 Ccc.ncal.y 

„ the n~e between « J- - « «» ^ ^ „ on one 

shown in Figu«s 7 A and 7B. for *e d.rect ~ wire „,* 800 

>n one embody the cuff devcc . ^ ^ ^ ,„ 
capaW eor conforming to Ore sorf.ce of * ^ , ^ ^ cao 

another embod,roen, .he cuff dev.ce , a '*£Z*L*~«». ^ decode has 
partially or comply envctop a nerve. In ^ ,„ ei(hCT 

a tneans 802 «o Cec.ric.Uy connect nerve is electrica.ly 

embodiment the surface °^"*/"H^de is. bu. nor necessarily, 
cposcd. while the ^J^^L- of ad.aceo, vomica. 
, electrically insured .0 avo.d electneal 

stroctu.es , „r the cuff device, as shown in figures 7B 

and 7C the cufl dev.ee has a ,05 and a means of applying an 

.^ngchanne.SManda.^o^e.ecr^^ ^ ^ ^ 

» dearie pu.se ^ ^ ^ „ ^ prt fened embodiment, 

embodiment, the electrode 805 s . "*<^ ^ embody 

, he electrode 005 is a has a fl cst electrode ,06 and a 

such as shown in F.gure 7D. *e e» ^ each 

. — — - • — — - 

applying an electa pulse 80Z 

, J The oresem iovcntioo provides elecuode arrays 
TWerm*/ ^ Oecrrode. The p „„, Unute d to. a pad. 

supported by a non.onduetive ^ ^ ofth e skin so that the 

, T.padcanbea^ve^^;^ 

- of decodes ,s m - J ^ ^ ^ve gel 

conducuvity between the electrodes a ^ ^ anay 

Vnown to oneofs.aH ^ of the v.gos ne„e. When 
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or m ofter — ac.ce ,0 secure - H .0 - — - - * 
shap ed .0 accommodatt fte »cck region offte p*- ^ ^ ^ , 

^ — — I *£Z . ^Lc is impU-ea in ft. Pa.*- 
un.po.ar decode, wl^m a seconac ftccr c ^ an 

adj ,een, ,0 .he nerve H be J, impU „, e<1 c.ftCe, 

indivi dua. Cecroac of fte .nay of _*« »*» . $ „ thc 

Cecuoae is e«>»naea. ^ J y tlec , rod es is * 

im pUo l edca,he,ere.ecWe,anaonec ov((W by the p,esen, 
The rnnseuumeous ete«rodc array P whcrc ,n 
invention may a-so be use. ,o app.y a J * a m,y. 

fte anode and caftoae — — « | *- j£" , hc intOTOgstt) rv uni, 
Connecrion ,o fte vagus —.^^^ of » achieve 

therein » selective!, oettrmme fte ^ v3gw ner ve. The 

maximum snm.UUon of fte urge, nerve jno - - ^ ^ shown „ 

s present inven.ion also proves an electrode y ^ ^ ^ ^ 

P Figur es SA-C for del.vering an elects ^ ^ on<Juctive supP orr 9»0 
clc c,rodc array device -^-^^ are eiecnieaHy 
having « ° f , 0 , „ conneCed a means of 

iTO la,ed from each ofter. Each ,„ is a and fte 

20 su P p,ying an electric p«.se 9 «. " ^ proximal ends . « 

channe. connector 903. The **»! ^ or , cylinder, and may be 

« no, limned to. a shee,. a pad. a block s» ^ ^ cireulaf 

any geomemc form such as. bu, no, only, a squ 

J5 orovo.ddisc. embooimc „,. as shown in Figure JSA. fte 

ln one ^««<*« and ^ ^ray of decodes 901 

electrically non-conducve » PP ort " ^ fa co(mecle(J to , 

.re exposed on one ^^/lere.n said means 9. 2 is . wire and 
tneans of supplying an elecmc pu se ^ ,„ , muUl . 

30 - - ^r^-bodJen, of fte electrode ^ 

channel connector 903. In anou. V electnc pulst 8 02, 

dcvic e of fte prescn, invention. , 0 4. In yc, anofter 

shown in Figure gB. is a ^^^mlnic-ion 90S connecs fte 
embodiment, as in Figure gC. me. clecuica n y o0 o-conduc,ive 

„ traversing hole 904 ,o fte outer edge 9 ^ ^ > ^ , ^ of 

SU ppor, 900. Th.s connecting means m y be. but 
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90S and traveling bole 904 are intended 
a channel. The commun.cat.on means 905 ana 

, 0 allow easy placemen, of an decrod. » Figure .D. the 

,„ another prefer ^^"^c couflU- - 
eUctrical.y non-conductive support 900 „ . a nec« ^ ^ ^ ^ ^ 

m e of erodes rZ~£Z non-conducUve support «» 
embodiment, as shown m F.gure 8E, thee, ^ exposed on 

is w , mrtleneck-like configurated the ™ y o «~ „ 

e,ectric pu.se 902. wherem sa.d mc^ | «»'«" connector ,,3. 

, electrically connected at the.r prox-mal ends o am dectn)<jes 

lnea chof,heemc^nUsho^mF 8 sSA ^ 

may be in a variety of shapes, such as ^ ^ 

Furthermore, *e -^^J^J^U ^ - - 
t0 . Velcro. straps or buckles. *a. ™* inven.ic provides that an 

1S secured .0 a human or aiuraah embodiments shown in Figs 8A- 

inOatable collar can be posmoned on each of the em humin or 

8E . ,„*, will allow .he non-conducve support .0 be seen 

animal. T^^nna! Ajrray Electrode, it '$ 

in all embodiments of Ac Transdermal- ^ny ^ 

J0 an.icipa.ed ma, «he width of Ute .CTem and about 5 em. h 

ab o„, 1.5 cm andabout 10 cm. , M will be between 
■s anticipated tha, the length of the ^ about 5 cm. In 

about . cm and about .0 Ac conducive support 
■he case of me necklace configurauon. dns leng* ^ ^ ^ 

J5 isbetwe eu about » - - ~« .^Su « — > - 
of the non conductive support 900 win dc ^ 

P^blybc^eeo^O.^^^ .^^^ 
Anot her emt^mofd-cou embodiment, a 

electrode applied to the surface of the ^ . ^ ^ (q act as a single 
>0 plurality of dectrode* in an array can be Oecu J ^ ^ bave a „ 
electrode. The electrode array dev.ee of * P electriC ally conductive 

optional electrically conduct gc. layer "^ZL wi* me skin, 
adhesive layer to increase the efficency of electa! conta 
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. The present invention 

as described above, combed > ««h en or «ophagea. 
vcnt.lation during genera. - ™ sUes of *e expandab.e basKe, or 

use o for gastric decompress™- ™* ^ „ asogasln c 

,ubes are adapted for use .n in 

arc similar , a. «imo.ation of the vagus nerve is to access the 

One approach to the st.mu.anon vei , runs 

, .n«roa. Jugu.ar vein with a ca*eter ^ ^ „ ^ of 
to. and is intimately ^ ^hagus. however. a.so he .« 

,he vein in the neck of humans. The «*he >nal omical structures are 

Cose proximity to the vagus nerve bun. ^ useful for sumuUting 

idcaUysuitcdforU.c.oc.t.onofcat^oMub,^ ^ ^ „„ 

IS lh e vagus nerve. By accesstng he « ,„ catheter or direct 

««< • »"* ' T ?la, or esophageal electrodes may be 

sufgi c al iso.a.ion of the vagus ne.. |q provide unip0 .ar neural 

cleciiostimoUUon. bevcraiu. 
J0 Native and les S tnvasive route, enoot „cnea, or 

The present invention further prov de ^ 
nas ogas,r,c tube c.cct.ode devrc. as show n . ^ ^ 

.ndotrachea. or nasogastrtC tube 000 ha S „ inflatt ,002 sa,d 

may be. but is no. .im.ted a ^ 1003 „„ satd co..ar .O0T 

„ co..3r .001. at leas, one expandab.e electee ^ ^ 

Theeiec^m^slOOJissop^*- * — 

The eiect^e expanse ^ ^ ustng a 

being on.y an inflate coHar tendon provides a 
bil ,.oon. umhte.., bane, or baske, 9B . The umbrella 

Chete, umbre... e.ectrode ^^^^ \ pUiralily of. expandable 
strode means comprises a. least one, and prefera y P 
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, ^ 1007 arc disposed * the distal ends 1010 of said spokes 
wherein ihe electrodes 1007 are Otsposeu |()fl8 arc 

^ ^Mns 1009 comprises wires. *k 
1008, and wherein said means luu* a uctivC material. The spokes 

ew>( *,sed of an e k c,rica,,y rt^^^SS* - — - 
,008 .re, bu, no. limited «>. w««, stnps or any ^ 

a non-conduc«.vc malen.l. Each spo* w UIt , b rella <o 

expandable tetrodes ,001 »<<f^™ ^ thc w ,„ of a 
comae, .he e.cerr.C.y naked rips of .he umbrella spokes 
Mood vessel or other anatomical „ ^g^c rube umbreUa 

electrode device, shown .n F.g»re9B. b u.cre.0. The 

,000. and , P.u...,y of radia.^po^b e S^ «J ^ ^ ^ 

spokes 1008 are able to move rad.ally away 

cortac. me interior wall of me Iracbea. . i4nosed „„ the endotracheal or 

oasogastnc tube 1000 is connec connecting means compnses a 

,008 by a plurality of ^ sHdLle collar 1011 and ,o a spoke 

Unking wire 1011 pivo,a.ly ,o,ned » the sltden 

,008. one linking wire ,012 at^d m each spoke I 

By reacting <he s.rfeable collar 10 » kes 

^dorracb-l or nasogasrric »be ,000 , £ ^^J^i.*. 

,008 are portioned parallel «o the ^ slideable collar .0,, 

ltta cbed ,o the ^^^OU I^el - - 

and used to retract or extend the collar Mil or agastric 

When .be surgeon has .nserted .be * 

" lub e 10.0 in me tmcbea adjacent to the vagns nerve ^ fc 

posiuone. relative to the rube .000 so tha, *e ^ ^ 1, of u,e 
Zc 1000. and .be elecuodes 1007 make clccmcal comae 
b ,ood vessel or omer anatomical *»*~ longi , u d,na..y re.at.ve to .he 

,o The e ,e " rodes may be 8 \, ric , ube The electrodes 
30 cent,, longing axis of me endou-heal- - - J- ^ fc ^ 1000 

m ay be circumferential., arranged tn a coax.^a, J ^ ^ 

The electrodes may be spirally arranged around the .nna w 
-The instable collar may be inflated by .he mllabon means 
35 a liquid. 
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The present invention also provides an endotracheal or nasogastric 
tube 1000, as shown in Figure XX This embodiment provides for expandable or 
rigid electrodes which are substantially embedded wtthio the tube matenal to 
avoid living tissue irritation. The electrode means comprises at least one. and 
preferably a plurality of. electrodes 1003. each electrode 1003 elecu,ca.ly 
connected to a means of supplymg an electric pulse 1009 to the electrodes 1003 
wherein the electrodes 1003 are exposed to the exterior surface of the tube 1000 
adjacent the distal end of said rube 1000. and wherein said means 1009 compnses 
wmts The electrode means are electrically independent of each other. 

A preferred embodiment of the expandable electrode means and 
the electrode expanding means wherein the electrode means is a baske. catheter 
electrode with at least one expandable rib In a preferred embod.ment.the 
expandable rib or plurality of such ribs are electrically conducive wne^ Th,n 
wires are preferred with a thickness of between about 1/128 inch and 1/8 .neb 
5 most preferably berwcen about 1/64 and 1/16 inch. In another preferred 
embodiment, the expandable nbs arc electrically conductive stops from about 
1/128 inch to about 1/4 inch w,de. most preferably from about 1/64 .nch to about 
1/4 inch In yet another preferred embodiment the expandable nbs are 
electrically non^onduc.ive strips with electrodes dispersed thereon. In , most 
i0 preferred embodiment, the electrically conductive wire or strip is compnsed of a 
proxhna. region, a «o«ra. region and a d,«a. region, wherein the proxuna. regmn 
and the central region form a firs, angle and the central region and the d.stal 
ragiun form a second angle. Preferably the firs, and second angles are berwcen 
about 1' and about 180*. Most preferably, .he first and second angles are 

25 between about 90* and about 1 20". 

Preferably, the ribs are between 1 and about 48 in number, more 
preferably between 2 aod about 12 in number. In a preferred embodiment, the 
lengm of Ok expanded electrode is berwcen about 1 and about 1 5 cm. More 
preferably, the length is between about 2 and about 6 cm The diameter nfU,e 
30 catheter before expansion is the diameter of the catheter shaft and is 0.5 mm .0 

about 3 mm, most preferably I mm. 

in one embodiment of the present invention, the central reg.on .s 
elccrically exposed, and die proximal region and distal region are eleCnca.ly 
insulated. In mis embodiment, the length of electrically exposed cennal regron .s 
„ belweeo 0.1 cm and about 10 cm. most preferably between 0.5 and about 5 cm. 
The means of applying an elecoica. pulse arc preferably, bu. no, limned to. wrres 
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electrically connected to the expandable ribs. The wires are electrically 
independent of one another, and pass through the shaft. The wires and are 
electrically connected to a mulli -channel electrical connection. 

5 Method of inducing asystole by vagal electrostimulation and CIA 
pharmaceutical composition treatment 

The present invention provides a method for the induction of 
cardiac asystole by the application of an electric pulse or field to the vagus nerve. 
The CIA pharmaceuiical composition provides a background pharmaceutical 
10 state wherein the impact of vagal nerve stimulation is potentiated and heart will 
not spontaneously escape from the electrically induced asystole. Throughout 
subsequent cardiac surgery, the surgeon monitors the heart function and can 
selectively reinitiate the heart beat by means of a cardiac pacer device, slaved to 
the vagal nerve stimulator. This can also be performed automatically if the heart 
l 5 beat fails to resume within a preset time period. 

The present invention, therefore, provides a method of inducing 
and prolonging asystole by implanting a catheter or rube expanding electrode into 
a blood vessel, trachea, or esophagus of a human or animal or by applying a 
cutaneous electrode. The electrodes arc positioned adjacent to the vagus nerve 
20 by the surgeon, and said electrodes are connected to the vagus nerve stimulator 
by means of multi-channel connectors and an output. At least one output from 
the stimulator is used, preferably two outputs, each connected to a separate 

clecoode device. 

The surgeon adjusts the vagal nerve stimulator to deliver a first 
25 unipolar or mulupolar electric pulse to an implanted cutaneous electrode and the 
output of the heart is momlored by the microprocessor. Random selection of 
electrodes is then followed by additional pulses until a maximum state of asystole 
is achieved- The CIA pharmaceutic composition that comprises an 
acetylcholinesterase inhibitor, a fr-adrenogenic receptor blocker and a calcium 
30 channel blocker, is administered before or after the initial testing. An electric 
pulse of optimum amplitude and frequency is applied to the previously selected 
electrode combination and controlled intermittent asystole, with minimal or no 
escape, results. Once the surgical procedure is completed, or predetermined 
point selected by the surgeon or preselected automatically by the vagus nerve 
35 stimulator, the heart is removed from asystole by a cardiac pacer means operated 

by the surgeon or by the vagus ocrve stimulator. 

30 
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The above description provides certain preferred embodiments of 
the devices and methods of the present invention. However, it is understood that 
many modif.cat.ons and additional embodiments can be routinely made in view 
of the disclosure, and all such embodiments are intended to be encompassed 
within the spirit of the invention. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 

1 . A catheter device for delivering an electric pulse to a nerve, comprising a distal 
region and a proximal region, said distal region having a plurality of electrically 
independent expandable electrodes and an electrode expanding means, said proximal 

5 region having an electrical connecting means for applying an electric pulse to the 
expandable electrodes. 

2. The catheter device of claim 1, wherein the expandable electrodes arc 
longitudinally arranged. 

3. The catheter device of claim I, wherein the expandable electrodes are 

10 circumferentialiy arranged. 

4. The catheter device of claim 1 . wherein the expandable electrodes are spirally 

arranged. 

5. The catheter device of any one of claims 1 to 4, having from 2-24 electrodes. 

6. The catheter device of any one of the preceding claims, wherein each 
15 expandable electrode is an electrode selected from the group consisting of a wire, a 

basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

7. The catheter device of any one of the preceding claims, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 

20 and wherein when each electrode is expanded the proximal region and the central 
region form a first angle between about 1° and 180°. and the central region and the 
distal region form a second angle of between about 1° and 180°. 

8. The catheter of claim 7, wherein the first and second angles are between 90° and 
180°. 

25 9. The catheter device of claim 7 or 8, where.n each expandable electrode, when 
expanded, has a total length of between 1.0 and 1 5 cm. 

10. The catheter device of claim 7, 8 or 9, wherein the central region is between 
about 0.1 and 10 cm. 

11. The catheter device of any one of the preceding claims, wherein the catheter has 
30 a lumen, and the electrode expanding means comprises a rod disposed within said 

lumen, and where.n the rod has a distal end connected to the expandable electrodes so 
that the catheter forms a sheath over the expandable electrodes and the rod. 

12. The catheter device of any one of claims I to 10, wherein the electrode 
expanding means comprises an inflatable balloon. 

35 13. The catheter device of any one of claims I to 10, wherein the electrode 
expanding means comprises a metallic shape memory means. 
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14. The catheter device of any one of claims 1 to 6, wherein each expandable 
electrode, when expanded is at least one arcuate electrode. 

15. The catheter device of any one of the preceding claims, wherein the proximal 
end of the catheter has a handle and a hub, wherein the hub is connected to the means 

5 of applying an electric pulse to the expandable electrodes. 

16. The catheter device of claim 12, wherein the balloon has at least one ridge 
thereon to allow the passage of fluid thercaround, and wherein at least one expandable 
electrode is attached to said ridge. 

1 7. An endotracheal tube electrode device comprising an endotracheal tube having 
10 an inflatable means of expanding an electrode, and a plurality of electrically 

independent electrodes thereon so that each electrode contacts the tracheal wall when 
the means of expanding an electrode is inflated, and wherein the electrodes have means 
for connection to an electrical pulsing means. 

18. The endotracheal tube electrode of claim 17, wherein the inflatable means of 
1 5 expanding an electrode is a collar or balloon. 

1 9. The endotracheal rube electrode of claim 1 8, wherein the balloon has a ridge and 
an electrode on said ridge so that the electrode contacts the tracheal wall when the 
collar is inflated. 

20. An endotracheal tube electrode device comprising an endotracheal tube having a 
20 plurality of electrically independent electrodes thereon, so that each electrode contacts 

the tracheal wall when expanded, and wherein the electrodes have means for 
connection to an electrical pulsing means. 

21. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
arc longitudinally arranged. 

25 22. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are circumferenlially arranged. 

23. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are spirally arranged. 

24. The endotracheal tube electrode of any one of claims 20 to 23, having from 2 to 
30 1 2 electrodes. 

25. The endotracheal rube electrode of any one of claims 20 to 25, wherein each 
expandable electrode is an electrode selected from the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

35 26. The endotracheal tube electrode of any one of claims 20 to 25, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 



33 



-36- 



and wherein when each electrode is expanded the proximal region and the centra! 
region form a first angle between about 1° and 180°, and the central region and the 
distal region form a second angle of between about 1° and 180°. 

27. The endotracheal tube electrode of claim 26, wherein the first and second angels 
5 are between about 90° and 1 80°. 

28. A nasogastric tube electrode comprising a nasogastric tube having an inflatable 
means of expanding a plurality of electrically independent expandable electrodes 
attached to an inflatable collar so that when the collar is inflated, the electrodes contact 
an inner surface of an esophagus, and a means of supplying an electric pulse to the 

10 electrodes. 

29. The nasogastric tube of claim 4 I , wherein the inflatable means of expanding the 
electrodes is a collar or balloon. 

30. The nasogastric tube electrode of claim 41, wherein the inflatable means has a 
ridge and an electrode on said ridge so that the electrode contacts the esophageal inner 

1 5 surface when the collar is inflated. 

31. An nasogastric tube electrode device comprising a nasogastric tube having a 
plurality of electrically independent expandable electrode thereon, so that each 
electrode contacts a pharyngeal, esophageal, or gastric inner surface when the 
electrodes are expanded, and wherein the electrodes have means for connection to an 

20 electrical pulsing means. 

32. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are longitudinally arranged. 

33. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are circumferential I y arranged. 

25 34. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
arc spirally arranged. 

35. The nasogastric tube electrode of any one of claims 31 to 34, having from 2 to 
24 electrodes. 

36 The nasogastric tube electrode of any one of claims 31 to 35, wherein each 
30 expandable electrode is an electrode selected fro the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

37. The nasogastric tube electrode of any one of claims 31 to 36, wherein each 
expandable electrode comprise a proximal region, a centra! region and a distal region, 
35 and wherein when each electrode is expanded the proximal region and the central 
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region form a first angle between about 1° and 180°, and the central region and the 
distal region form a second angle of between about I* and 180°. 
38 The nasogastric tube electrode of claim 37, wherein the first and second angles 
are between about 90° and 1 80*. 
5 39. A catheter device substantially as any one embodiment herein described with 
reference to the accompanying Figures. 

40. An endotracheal tube electrode substantially as any one embodiment herein 
described with reference to the accompanying Figures. 

41. A nasogastric tube electrode substantially as any one embodiment herein 
1 0 described with reference to the accompanying Figures. 

Dated this 1 0th day of November 2004 

Emory University 

Patent Attorneys for the Applicant: 

F B RICE & CO 
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